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© Agent for forming spheroids of hepatocytes and process for culturing hepatocytes for formation of 
spheroids. 

© An agent for the formation of spheroids of hepatocytes, which comprises a covalently lipid-bound 
glycosaminoglycan, and a culturing process for the formation of the spheroids. 

Hepatocytes spheroids can be formed by culturing hepatocytes in a culture vessel using a lipid-bound 
glycosaminoglycan as a culture substrate. Floating spheroids of hepatocytes can be obtained efficiently, which 
are capable of maintaining liver-specific functions and of keeping the spheroid form stably for a prolonged period 
of time. 



Q_ 
UJ 



Rank Xerox (UK) Business Services 
(3. 10/3.5x/3.0. it 



* 

EP 0 529 659 A2 



w 



15 



20 



FIELD OF THE INVENTION 

The present invention relates to an agent effective for forming hepatocyte spheroids *at functions as an 
artificial ier function aid, which comprises a covalently lipid-bound g.ycosaminog ycan^ and t , a process 
for formation of the spheroids which comprises culturing hepatocytes m a vessel ,n the presence of the 
agent as a culture substrate. 

BACKGROUND OF THE INVENTION 

The liver is an important organ in an animal which takes part in the metabolism, and the liver function is 
originated from heplcytes that occupies about 70% of the liver. Such a function is effected not simply by 
the hepatocytes but by their interactions with non-parenchymal cells and extracellular matrix, and by he 
construct ! tissue based on these interactions. In other words, biological artvrt.es of the iver ,n the 
Ling body are effected by the formation of spheroids in which hepatocytes are adhered one another 

Previously, the inventors of the present invention have conducted stud.es on the method of cutting 
hepatoses for formation of spheroids with retaining their functions, and discovered a substance related to 
he fcoSuSon of tissue morpho.ogy of hepatocytes capable of maintaining the liver = at h,gh ev 
Based on this finding, the inventors have also succeeded in forming spheroids of hepatocytes which can 
Lpress and mainUin heir functions at high level for a prolonged period of time, by cultunng hepatocyte ,n 
"e presence of the above-described substance, and in reproducing the tissue constructs to a certam 

^'That is as shown in Fig. 1 , when hepatocytes were isolated from adult rat livers by a collagenase-liver- 
perfusion method inoculated in a cu.ture dish which has been coated with proteoglycan(s) o hver reticu n 
Sers and ^ cultured statica.ly in serum-free hormone-defined ^^^^^ 

25 necessary hormones such as EGF (epidermal growth factor), .nsulm and the like the inoculated 
heoatocvL attached to the coated substrate to form monolayers during the inifal stage of the cultivation, 

■ an^aH e cu^n progressed, the monolayers assembled to form multilayer islands and the mu.t.layer 
fs"ands hrunk to form spherical cell clusters which subsequently separated from the surface of the dishto 
fofm flalg spheroids in the liquid medium (Cel. Struct. Funct. 13. 179 (1988), B,ochem. B,ophys. Res. 

30 C °Th U a n s b^nfeverdlat the glycan moiety of the above-described 

consisted of dermatan sulfate, heparan sulfate and other unknown sugars. However, when culture dishes 
were coated Jth chondroitin sulfate, dermatan sulfate, heparan sulfate or an adhesive substrate such as 
collagen extracted from rat livers or fibronectin fractions or a glycoprotein, hepatocytes spread ,n the dishes 
but remained in the state of monolayers and did not form spheroids. 

WheThepatocytes are cultured in a positive.y charged polystyrene plastic dish they form . floating 
spheVoids similar to the case of their cultivation in a proteoglycan-coated culture dish. It .s considered tha 
su h a ph nomenon occurs because hepatocytes secrete proteog.ycan(s) when inoculated ,n hi s type of 
plastic dish and the secreted proteoglycan(s) adhere to the surface of the dish (Ex^Ce ^ ^f 27 
(1990), JP-A- 1-277486 (the term "JP-A" used herein means an "unexam.ned published Japanese patent 

aW %Z°« cultured in the presence of the proteoglycan as a culture substrate, hepatocytes form floating 
spheVoids which are stable even after a relatively prolonged cultivation period. It has been reported that the 
hfpa Se spheroids could maintain liver-specific differentiation function at a high ^l, because they were 
4s able to secrete albumin at a high level constantly for a prolonged penod of time in companson with 
mTno ayers Thepa ocytes, and 'that the hepatocyte spheroids possibly showed a tissue reconstruction 
quite close to the in vivo structure, because they hardly showed activity in cell proh feration a, Meast when 
checked by 3H-thymidin-e incorporation and nuclear labeling index (J. Clin. Electron Microscopy, 21, 5 

so (198 However since the proteoglycans) cannot be easily prepared from reticulin fibers in high yield, great 
concern has been directed toward the deveolopment of a culture substrate which, as a substitute of the 
D Xqlycan(s) can induce spheroids formation of hepatocytes efficiently and is effective for the contnu- 
•CSn^nThep-DcytS differentiation functions. In addition, it is required to cu.ture hepatocytes ,n 
3£ forTpro'nged period" of time with retaining their in vivo functions for development of a b.ological 

55 artificial liver function-aiding device. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an agent for forming hepatocyte spheroids, which 
comprises a covalently lipid-bound glycosaminoglycan. Effects of the agent of the present invention to 
5 induce spheroids and to express and maintain hepatocyte differentiation functions are markedly superior to 
those of the proteoglycans originated from reticulin fibers. 

The present invention also provides a process for culturing hepatocytes for formation of the spheroids 
which comprises culturing hepatocytes in the presence of the agent as a culture substrate and the 
hepatocyte spheroids thus prepared. 

w 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts three assembling modes of hepatocytes, in which A, B and C show monolayers, 
multilayer island-like hemispheroids and sheroids, respectively. 
/5 Fig. 2 is a graph showing adhesion rate of BHK-21 cells to culture dishes coated with fibronectin and 

various phospholipid-bound glycosaminoglycans, in which - • - is a line for CS-PPEADP-coated dish, - O - 
for DS-PPEADP-coated dish, - a - for CH-PPEADP-coated dish, - □ -for HA-PPEADP-coated dish and - ■ - 
for HS-PPEADP-coated dish. 

Fig. 3 is a graph showing secretory albumin production ability of hepatocyte spheroids obtained by 
do using culture dishes coated with CS-PPEADP and the like, in which - • - is a line for CS-PPEADP-coated 
dish, - 0 - for uncoated positively charged polystyrene plastic dish and - a - for collagen-coated dish. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The hepatocyte spheroids forming agent of the present invention comprises a glycosaminoglycan 
(referred to as "GAG" in some cases hereinafter) to which a lipid is covalently bound. Preferably, a covalent 
bond between a lipid and a GAG include a CONH bond, an ester bond or a CH 2 NH bond formed between a 
carboxyl group including lactone, a formyl group, a hydroxyl group or primary amino group of a GAG and a 
primary amino group, a carboxyl group or a formyl group of a lipid. A particularly preferred covalent bonds 

30 are (1) a CONH bond between a carboxyl group including lactone of a glycosaminoglycan whose reducing 
terminal is cleaved and a primary amino group of a lipid, (2) a CONH bond between a carboxyl group of a 
uronic acid moiety of a glycosaminoglycan and a primary amino group of a lipid or (3) a CH 2 NH bond 
between a formyl group of a glycosaminoglycan whose reducing terminal is cleaved and a primary amino 
group of a lipid. 

35 A primary amino group, a carboxyl group, a formyl group or a hydroxyl group which takes part in the 

above bond may be inherently contained in a GAG or a lipid, or may be formed by a chemical treatment of 
the GAG or lipid or introduced in advance into the GAG or lipid through a reaction with a spacer compound 
which has the above functional group as its terminal groups. 

The following shows typical examples of the relationship between the lipid-bound GAG and its material 
40 compounds. 

(1) GAG or derivatives thereof 
(A) 

O 
II 

GAG-C-0 
l I 

(lactonized GAG) 
50 (B) 

O 
II 

GAG-CH 

(aldehyde GAG) 
(C) 
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COOH 
I 

GAG 



(uronic acid moiety) 
(D) 



GAG w^vn NH2 



(amino group-introduced GAG) 
(E) GAG-OH (sugar moiety in common) 
In the above formula, GAG is a glycosaminoglycan and 



NH 2 



represents an introduced amino group. 
20 (2) Lipid or derivatives thereof 
(i) lipid-NH 2 

(amino group-containing phospholipid) 
(ii) 



lipid "^wv^ NH 2 



(amino group-introduced lipid) 
(iii) 



lipid^^^COOH 



(carboxyl group-introduced lipid) 
35 (iv) 



O 
II 

lipid-CH 



(aldehyde lipid) 
In the above formulae, 



45 



COOH 



represents an introduced carboxyl group. 
(3) Lipid-bound GAG 
so (a) (A) + (ih* GAG-CONH-lipid 

(b) 



(A) + (ii)-* GAG-CONH~^~^ lipid 



55 



(c) (B) + (i)^ GAG-CH 2 NH-lipid 
(d) 
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(B) + (ii)- GAG-CH 2 NH~^~^ lipid 

(e) 

5 

(C) + (i)-* CONH-lipid 
GAG 

w 

(f) 

75 

(g) 

20 (D) + (iii)-> GAG ^^n^HNCO-^— lipid 
(h) 

25 (D) + (iv)* GAG~~^HNCH 2 -lipid 

(i) 

30 (E) + (iii)* GAG-O-CO lipid 

The lipid-bound glycosaminoglycan of the present invention can be used as a salt, preferably with an 
alkali metal such as sodium and potassium, an alkaline earth metal such as calcium and magnesium, an 
35 amine such as trialkylamine, and an organic base such as pyridine. 

The following are examples of the lipid-bound glycosaminoglycans of the present invention. 
1 . A lipid-bound glycosaminoglycan represented by the following formula: 

40 

s~yr — OH 

(i) 

4 \ ^ ^ 

45 




50 

wherein P l is a lipid having a primary amino group, GAG is a glycosaminoglycan residue and; 

(1) GAG is located at the 4-position, R 3 is located at the 3-position, R 2 is a COOH group and R 3 is an 
OH group when GAG is a glycosaminoglycan residue of hyaluronic acid, chondroitin, chondroitin 
sulfate A, C or E, dermatan sulfate, heparin or heparan sulfate excluding a reducing terminal 

55 glucuronic acid moiety or when GAG is a glycosaminoglycan residue of dermatan sulfate excluding a 

reducing terminal iduronic acid moiety, 

(2) GAG is located at the 4-position, R 3 is located at the 3-position, R 2 is a COOH group and R 3 is an 
OSO3H group when GAG is a glycosaminoglycan residue of chondroitin sulfate K or chondroitin 
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polysulfate excluding a reducing terminal glucuronic acid moiety, 

(3) GAG is located at the 3-position, R 3 is located at the 4-position, is a CH 2 OH group and R- is an 
OH group when GAG is a glycosaminoglycan residue of keratan sulfate excluding a reducing term.nal 

qalactose moiety, and „ _ , , , ^ 

(4) GAG is located at the 3-position, R 3 is located at the 4-position, R 2 is a CH 2 OS0 3 H group and R 
is an OH group when GAG is a glycosaminoglycan residue of keratan polysulfate excluding a 
reducing terminal galactose moiety. 

2. A lipid-bound glycosaminoglycan represented by the following formula: 



R 3 CHj-P 1 



GAG 




( II ) 

CH 2 OH 



wherein P' is a lipid having a primary amino group, GAG is a glycosaminoglycan residue and; 

(1) R< is a NHCOCH3 group and R 3 is an OH group when GAG is a glycosaminoglycan residue of 
hyaluronic acid or chondroitin excluding a reducing terminal hexosamine moiety, 

(2) R 1 is a NHCOCH3 group and R 3 is an OH group when GAG is a glycosaminoglycan residue of 
chondroitin sulfate A or K, chondroitin polysulfate or dermatan sulfate excluding a reducing terminal 
hexosamine moiety, and 

(3) each of R' and R 3 is an OH group when GAG is a glycosaminoglycan residue of keratan sulfate or 
keratan polysulfate excluding a reducing terminal galactose moiety. 

3. A lipid-bound glycosaminoglycan represented by the following formula: 




(III) 



wherein P< is a lipid having a primary amino group and GAG is a glycosaminoglycan residue of keratan 
sulfate or keratan polysulfate excluding a reducing terminal galactose moiety. 
4. A lipid-bound glycosaminoglycan represented by the following formula: 




CO-P 



-pi 



(IV) 



GAG 



wherein P' is a lipid having a primary amino group, GAG is a glycosaminoglycan residue and; 

(1) GAG is located at the 4-position, R 3 is located at the 3-position, R< is an OH group, R is a COOH 
group and R 3 is an OH group when GAG is a glycosaminoglycan residue of hyaluron.c acid, 



EP 0 529 659 A2 



chondroitin, chondroitin sulfate A, C or E, dermatan sulfate, heparin or heparan sulfate excluding a 
reducing terminal glucuronic acid moiety or when GAG is a glycosaminoglycan residue of dermatan 
sulfate excluding a reducing terminal iduronic acid moiety, 

(2) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an OSO3H group, R 2 is a 
COOH group and R 3 is an OH group when GAG is a glycosaminoglycan residue of chondroitin sulfate 
D excluding a reducing terminal glucuronic acid moiety or when GAG is a glycosaminoglycan residue 
of heparin or heparan sulfate excluding a reducing terminal iduronic acid moiety, 

(3) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an OH group, R 2 is a COOH 
group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of chondroitin sulfate K 
excluding a reducing terminal glucuronic acid moiety, 

(4) GAG is located at the 4-position, R 3 is located at the 3-position, at least one of R 1 and R 3 is an 
OSO3H group, while the other is an OH group, and R 2 is a COOH group when GAG is a 
glycosaminoglycan residue of chondroitin polysulfate excluding a reducing terminal glucuronic acid 
moiety, 

(5) GAG is located at the 3-position, R 3 is located at the 4-position, each of R 1 and R 3 is an OH group 
and R 2 is a CH 2 OH group when GAG is a glycosaminoglycan residue of keratan sulfate excluding a 
reducing terminal galactose moiety, 

(6) GAG is located at the 3-position, R 3 is located at the 4-position, each of R 1 and R 3 is an OH group 
and R 2 is a CH2OSO3H group when GAG is a glycosaminoglycan residue of keratan polysulfate 
excluding a reducing terminal galactose moiety, 

(7) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is a 
CH 2 OH group and R 3 is an OH group when GAG is a glycosaminoglycan residue of hyaluronic acid or 
chondroitin excluding a reducing terminal hexosamine moiety, 

(8) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is a 
CH2OH group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of chondroitin 
sulfate A or K or dermatan sulfate excluding a reducing terminal hexosamine moiety, 

(9) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is a 
CH2OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of chondroitin 
sulfate C or D excluding a reducing terminal hexosamine moiety, 

(10) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is 
a CH2OSO3H group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of 
chondroitin sulfate E excluding a reducing terminal hexosamine moiety, 

(11) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is 
a CH2OH group and R 3 is an OSO3H group, or R 2 is a CH2OSO3H group and R 3 is an OH group or 
an OSO3H group, when GAG is a glycosaminoglycan residue of chondroitin polysulfate excluding a 
reducing terminal hexosamine moiety, 

(12) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHSO3H group, R 2 is a 
CH2OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of heparin 
excluding a reducing terminal hexosamine moiety, 

(13) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHCOCH3 group or an 
NHSO3H group, R 2 is a CH 2 OH group when R 3 is an OSO3H group, or R 2 is a CH2OSO3H group 
when R 3 is an OH group or an OSO3H group, when GAG is a glycosaminoglycan residue of heparan 
sulfate excluding a reducing terminal hexosamine moiety, 

(14) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHCOCH3 group, R 2 is 
a CH2OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of keratan 
sulfate or keratan polysulfate excluding a reducing terminal hexosamine moiety. 

5. A lipid-bound glycosaminoglycan represented by the following formula: 



EP 0 529 659 A2 




(V) 



CH 2 -NH- ( CH 2 ) m -NHCO- ( CH 2 ) k -CO-P" 



GAG 



wherein P 2 is a lipid, GAG, R 2 and R 3 are as defined in the foregoing formula (I), m is an integer of 1 to 8 
and k is an integer of 1 to 10, and; 

6. A lipid-bound giycosaminoglycan represented by the following formula: 



-p2 



R 3 CH 2 -NH-(CH 2 ) m NHCO-(CH 2 ) k -CO-P 
,CH 2 OH 



GAG 




(VI) 



wherein GAG, R 1 and R 3 are as defined in the foregoing formula (II), and m, k and P 2 are as defined in 
the foregoing formula (V). 

7. A lipid-bound giycosaminoglycan represented by the following formula: 




(VII) 



CO-NH- ( CH 2 ) m -NHCO- ( CH 2 ) k -CO-P' 



GAG 



wherein GAG, R 1 , R 2 and R 3 are as defined in the foregoing formula (IV), and m, k and P 2 are as defined 
in the foregoing formula (V). 

8. A lipid-bound giycosaminoglycan represented by the following formula: 



8 
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GAG 




GAG 



(VIII) 



wherein P 1 is a lipid having a primary amino group, GAG is a glycosaminoglycan residue, n is an integer 
not more than the number of carboxyf groups contained in glycosaminoglycan, A represents hexosamine 
or hexosamine sulfate defined depending on the glycosaminoglycan and; 

(1) each of R 1 and R 3 is an OH group when GAG is a glycosaminoglycan chain of hyaluronic acid, 
chondroitin, chondroitin sulfate A, C or E, or dermatan sulfate, 

(2) R 1 is an OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan chain of 
chondroitin sulfate D, 

(3) R 1 is an OH group and R 3 is an OSO3H group when GAG is a glycosaminoglycan chain of 
chondroitin sulfate K, 

(4) at least one of R 1 and R 3 is an OSO3H group while the other one is an OH group when GAG is a 
glycosaminoglycan chain of chondroitin polysulfate, and 

(5) R 1 is an OH group or an OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan 
chain of heparin or heparan sulfate. 

Specific examples of the glycosaminoglycan include hyaluronic acid, chondroitin, chondroitin sulfate A, 
chondroitin sulfate C, chondroitin sulfate D t chondroitin sulfate E, chondroitin sulfate K, chondroitin 
polysulfate, dermatan sulfate (chondroitin sulfate B), heparin, heparan sulfate, keratan sulfate, and keratan 
polysulfate. 

Preferred molecular weight of glycosaminoglycans ranges from 1,000 to 1,000,000. 

In the production of the above-described lipid-bound glycosaminoglycans represented by formulae (V), 
(VI) or (VII), a primary amino group-introduced glycosaminoglycan used as a starting material can be 
prepared by cleaving a reducing terminal of a glycosaminoglycan to form a lactone or an aldehyde and 
reacting the resulting glycosaminoglycan with alkylenediamine represented by the formula, NH 2 -(CH 2 ) m - 
NH 2 . Alternatively, a primary amino group-introduced glycosaminoglycan can be also prepared by using 
amino acid having two amino groups such as lysine in place of alkylenediamine. Such alkylenediamine or 
amino acid can be reacted with a carboxyl group of a uronic acid moiety of a glycosaminoglycan. 

The lipid having a primary amino group represented by P 1 in the foregoing formulae (I), (II), (III), (IV) 
and (VIII) is a phospholipid, such as phosphatidylethanolamine, phosphatidylserine, phosphatidylthreonine 
and plasmalogens, represented by the formula: 



CH 2 -0-R 4 



CH-O-R 5 



(IX) 



CH 2 0 



P-O-Y 



OH 



wherein each of R* and R 5 is hydrogen, -CH = CHR 6 or -COR 7 (each of R s and R 7 is a Cs-24 alkyl group) 
provided that R* and R 5 are not hydrogen simultaneously and Y is -CH 2 CH 2 NH-, 
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-CH^CHNH- or -CH-CH-NH- . 

2 I l I 

COOH CH 3 COOH 

5 

Particularly preferred are compounds in which both of Ft 4 and R 5 are a -COR 7 group such as palmitoyl 
(hexadecanoyl) or stearoyl (octadecanoyl) or in which R* is a -CH = CHR 6 group and R 5 is a -COR 7 group. 
The lipid represented by P 2 in the foregoing formulae (V), (VI) and (VII) is a compound represented by 
10 the formula: 

CH 2 -0-R* CH 2 -0-R* 



75 



20 



25 



30 



35 



40 



50 



CH-O-R 9 (X) CH-O-H (XI) 

L-O-H CH 2 -0-R* 



CH,-0-H CH,-0-R 10 
I I 

CH-O-R 10 0 (XII) CH-O-H 0 (XIII) 

CH 2 -0 P-O-W CH,-0 P-O-W 

I 2 | 

OH OH 

wherein R 8 and R 9 each represents hydrogen, a C 6 - 2 , alkyl group. -CH = CHR 6 or -COR 7 , wherein R 6 and 
R 7 are the same as above, provided that R 8 and R 9 are not hydrogen simultaneously, R'° is a C 6 - 2 * alkyl 
group -CH = CHR 6 or -COR 7 wherein R 6 and R 7 are the same as above and W is -CH 2 CH 2 N (CH 3 ) 3 or an 
inositol residue. Particularly preferred are a simple lipid represented by the formula (X) or (XI) in which both 
of R 8 and R 9 are a -COR 7 group such as palmitoyl (hexadecanoyl) or stearoyl (octadecanoyl) or in which R 
is hydrogen and R 9 is a -COR 7 group, or a phospholipid represented by the formula (XII) or (XIII) in which 

R'° is a -COR 7 group. . . 

A carboxyl group-introduced lipid represented by the formula, HOOC-(CH 2 ) k -CO-P 2 , where.n P 2 is a lipid 
having a hydroxy! group, k is as defined in formula (V), used for producing a lipid-bound glycosam.noglycan 
represented by the foregoing formulae (V), (VI) or (VII), can be prepared by reacting a lipid having a 
hydroxyl group with a dicarboxylic acid represented by the formula HOOC-(CH 2 )k-COOH. 

The above-described aldehyde lipid ((2)-(iv)) can be prepared by, for example, acylating or etherifying a 
hydroxyl group of glyceraldehyde. . 
The processes for producing lipid-bound glycosaminoglycans of the present invention are described in 

45 detail below. 

Limited oxidation of reducing terminal 

In this process, the reducing terminal uronic acid, galactose or hexosamine moiety of a glycosamino- 
glycan is reduced and partially oxidized to cleave the reducing terminal and form an aldehyde group (a 
formyl group) and the thus-formed aldehyde group is subjected to reductive alkylation reaction with a 
primary amino group of a lipid to give a lipid-bound glycosamino-glycan. The reaction scheme of th.s 
process is described below. 

(A) In the case that glucuronic or iduronic acid in a reducing terminal is subjected to the reaction: 

55 
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COOH 



COOH 



GAG 




reduction / oxidation 

R 3 /N^H-OH ^ ( r3 C h 2 oh 



GAG 



OH 




(1) 



(2) 




(D-a 



wherein R 3 is as defined above and P 1 is a lipid having a primary amino group. 

In the case of using, as the starting material, hyaluronic acid, chondroitin, chondroitin sulfate A, 
chondroitin sulfate C, chondroitin sulfate E, chondroitin sulfate K, chondroitin polysulfate, dermatan 
sulfate, heparin or heparan sulfate, represented by the formula (1) having D-glucuronic acid or L-iduronic 
acid as the reducing terminal in which an OH group is linked to the 2-position carbon atom, a lipid-bound 
glycosaminoglycan represented by the formula (l)-a is produced in accordance with the above reaction 
scheme. 

(B) In the case that glucosamine or galactosamine in a reducing terminal is subjected to the reaction: 
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R 3 CH-.-P 1 



GAG 



CH 2 OH 



lipid 




GAG 



CH 2 OH 



(II)-a 



NHCOCH3 



NHCOCH3 



(6) 



wherein R 3 is as defined above and P 1 is a lipid having a primary amino group. 

In the case of using, as the starting material, hyaluronic acid, chondroitin, chondroitin sulfate A, 
chondroitin sulfate K, chondroitin polysulfate or dermatan sulfate, represented by the formula (4) having 
glucosamine or galactosamine as the reducing terminal in which an OH group is linked to the 6-position 
carbon atom, a lipid-bound glycosaminoglycan represented by the formula (ll)-a is produced in accor- 
dance with the above reaction scheme. 

(C) In the case that galactose in a reducing terminal is subjected to the reaction: 



12 
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CH 2 OH/CH 2 OS0 3 H 



GAG 




reduction 



H-OH 



GAG 




CH 2 OH/CH 2 OS0 3 H 



"OH 



oxidat 



/ 



CH 2 OH 



OH 



OH 



(7) 



(8) 



CH 2 OH/CH 2 OS0 3 H 
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•CHj-P 1 



(11) 



wherein P 1 is a lipid having a primary amino group. 
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In the case of using keratan sulfate and keratan polysulfate represented by the formula (7) having 
galactose as the reducing terminal as the starting material, a lipid-bound glycosaminoglycan represented by 
the formula (l)-b, (ll)-b or (III) is produced in accordance with the above reaction scheme. 

In the above processes (A), (B) and (C), reducing terminal sugar moieties in glycosaminoglycans 
5 represented by the formulae (1), (4) or (7) are firstly subjected to reduction cleavage to obtain correspond- 
ing compounds (2), (5) or (8). 

Usable as a reducing agent for use in the reduction reaction is an alkali salt of boron hydride (borane) 
such as sodium borohydride, sodium cyanoborohydride or the like. 

As a solvent for use in the above reduction reaction, water or a 0.05 M borate buffer (pH 8.3) may be 

USe The reduction reaction may be effected at a temperature of from 10 to 30° C. preferably from 15 to 
25 * C 

The amount of the reducing agent, though varies depending on its type, ranges from 5 to 50 
equivalents preferably from 25 to 30 equivalents, per mole of the compound (1), (4) or (7). 
/s The thus obtained compounds of the formulae (2), (5) or (8) are then subjected to partial oxidation to 

form aldehyde compounds represented by the formulae (3), (6), (9), (10) or (11). 

Usable as an oxidation agent used in the oxidation reaction is an alkali salt of periodic acid such as 
sodium periodate, potassium periodate or the like. 

The amount of the oxidation agent ranges from 1 to 10 equivalents, preferably from 3 to 6 equivalents, 
20 per mole of the compound (2), (5) or (8). The oxidation reaction may be effected at a temperature of from 0 
to 10° C, preferably from 0 to 4° C. 

Each of the thus-formed aldehyde compounds (3), (6), (9), (10) and (11) can be reacted with a primary 
amino group of a lipid in accordance with the known reductive alkylation. Thus, the l.p.d-bound 
glycosaminoglycans of the present invention represented by the formulae (I), (II) or (til) are obtained. 
25 Examples of the lipid to be used in the above reaction include phosphatidylethanolamme, phosphatidyl- 
serine phosphatidylthreonine, ethanolamine plasmalogen, serine plasmalogen and the like. 

The reductive alkylation reaction for the production of the compounds represented by the formulae (I), 
(II) or (III) may be effected by mixing the aldehyde compound (3), (6), (9), (10) or (11) and a lipid dissolved 
in chloroform or the like uniformly in a solvent such as water, 0.05 M phosphate buffer (pH 7.0) or 
30 dimethylformamide and allowing the mixture to react at a temperature of from 15 to 60 3 C, and simulta- 
neously or thereafter carrying out a reduction reaction using a reducing agent such as sodium 
cyanoborohydride or the like. 



35 



Lactonization of reducing terminal 
In 



,., this process, the reducing terminal uronic acid, galactose or hexosamine moiety of a glycosamino- 
glycan is subjected to oxidation to cleave the reducing terminal and the cleaved product is lactonized and 
reacted with a primary amino group of a lipid to obtain a lipid-bound glycosaminoglycan. This reaction 
scheme is illustrated below. 
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70 



15 



20 



25 




(14) 

30 

wherein each of R\ R 2 and R 3 is as defined above, P 1 is a lipid having a primary amino group and A 4 is a 
cation such as an alkali metal or amine. 

According to this process, a glycosaminoglycan represented by the formula (12) is firstly subjected to 
oxidation to cleave its reducing terminal, thereby obtaining a carboxyl compound represented by the 
35 formula (13). 

Usable as a starting material are compounds represented by the above formula (12) including 
hyaluronic acid, chondroitin, chondroitin sulfate A, chondroitin sulfate C, chondroitin sulfate D, chondroitin 
sulfate E, chondroitin sulfate K, chondroitin polysulfate, dermatan sulfate, heparin, heparan sulfate, keratan 
sulfate or keratan polysulfate. 
40 As an oxidation agent used in the oxidation reaction, iodine, bromine or the like may be used. 

The amount of the oxidation agent ranges from 2 to 20 equivalents, preferably from 5 to 15 equivalents, 
per mole of the compound of the formula (12). 

As a solvent used in the oxidation reaction, water or a 0.05 M phosphate buffer (pH 7.0) may be used. 

The oxidation reaction may be effected at a temperature of from 0 to 40 °C, preferably from 15 to 
45 20 • C. 

The thus obtained compound of the formula (13) is then subjected to acid treatment to form a lactone 
compound represented by the formula (14). 

The acid treatment is carried out using a strongly acidic cation exchange resin such as Dowex 50 (trade 
name, Dow Chemical Co.), Amberlite IR 120 (trade name, Rohm & Haas Co; Organo Co., Ltd.) or the like 
so and/or acid including inorganic acid such as hydrochloric acid, sulfuric acid or the like, organic acid 
anhydride such as acetic anhydride, citric anhydride, succinic anhydride or the like. 

The thus-formed lactone compound of the formula (14) is then allowed to react with a lipid having a 
primary amino group to produce a lipid-bound glycosaminoglycan represented by the formula (IV). 

The same lipid compounds as described in the foregoing limited reducing terminal oxidation process 
55 may be used in this reaction step. 

The reaction of the lactone compound of the formula (14) with a lipid for the production of the 
compound represented by the formula (IV) may be effected by dissolving the lactone compound of the 
formula (14) in a solvent such as water, 0.05 M phosphate buffer (pH 7.0) or dimethylformamide and mixing 
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the solution with a lipid dissolved in chloroform or the like uniformly and allowing the mixture to react at a 
temperature of from 5 to 80' C, preferably from 30 to 60° C. 

Amination of reducing terminal 

In this process, each of the aldehyde compounds represented by the formulae (3), (6), (9) and (10) or 
the lactone compound represented by the formula (14) is allowed to react with an alkylenediamine 
compound to obtain a glycosaminoglycan derivative having a primary amino group in its reducing terminal. 
The thus-obtained glycosaminoglycan derivative having a primary amino group is then allowed to react with 
a lipid derivative having carboxyl group so that the primary amino group and the carboxyl group are linked 
together. Thus, a lipid-bound glycosaminoglycan is produced. The reaction scheme of this process is 
illustrated below. 
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wherein each of R\ R 2 and R 3 is as defined above and P 2 is a lipid. 

A glycosaminoglycan derivative having a primary amino group in its reducing terminal, as represented 
by the above formula (15) or (16), is obtained by allowing each of the compounds (3), (6), (9) and (10) to 
react with an alkylenediamine compound in the presence of a reducing agent according to reductive 
5 alkylation reaction. 

A glycosaminoglycan derivative represented by the above formula (17) is obtained by allowing the 
compound (14) to react with an alkylenediamine compound according to the method as described above. 

An alkylenediamine compound usable in this reaction may be selected from compounds represented by 
the formula 

70 

NH 2 -(CH 2 ) m -NH 2 

wherein m is an integer of from 1 to 8. 

As a reducing agent, sodium cyanoborohydride or the like may be used. 
75 The amount of the reducing agent ranges from 10 to 100 moles per mole of the glycosaminoglycan to 

be used in the reaction system. 

As a reaction solvent, water or a 0.05 M phosphate buffer may be used. 
The reaction may be effected at a temperature of from 0 to 60° C, preferably from 4 to 25° C. 
A lipid derivative having a carboxyl group may be obtained by allowing a lipid compound having a 
20 hydroxyl group in its glycerol structure to react with a dicarboxylic acid or its active derivative (e.g., acid 
anhydride, halide). 

Examples of the lipid compound to be used in this reaction include monoacylglycerol, diacylglycerol, 
lysophosphatidylcholine, lysophosphatidylinositol, ether lipids having a hydroxyl group, ether phospholipids 
having a hydroxyl group and the like. 
25 Usable as a dicarboxylic acid or its active derivative are succinic acid, glutaric acid, adipic acid, fumaric 

acid, maleic acid, terephthalic acid or its acid anhydride or halide (e.g., chloride). 

Usable as a condensing agent are 1-ethyl-3-(dimethylaminopropyl)- 

carbodiimide,dicyclohexylcarbodiimide or the like. 

Chloroform, acetantlide, dimethylformamide or the like may be used as the reaction solvent. 
30 The reaction temperature may range from 0 to 60 9 C when a dicarboxylic acid is used in the presence 

of a condensing agent, or of from 20 to 80 3 C when an active derivatives of dicarboxylic acid such as 
dicarboxylic acid anhydride is used. 

Reaction of a glycosaminoglycan derivative having a primary amino group in its reducing terminal with a 
lipid derivative having a carboxyl group may be effected by firstly activating a carboxyl group in the lipid 
35 derivative in accordance with the well known means in the field of peptide chemistry and then by allowing 
the thus activated compound to react with the glycosaminoglycan derivative (Nobuo Izumiya, Michinori Waki 
et al, Pepuchido Gosei no Kiso to Jikken (Basic and Experimental Peptide Synthesis), 1985, published by 
Maruzen). 

Activation of a carboxyl group in the lipid derivative may be effected by converting the carboxyl group 
40 into an active ester through reaction of the lipid derivative with N-hydroxysuccinimide, p-nitrophenol, N- 
hydroxybenzotriazole, N-hydroxypiperidine, 2,4,5-trichlorophenol or the like in the presence of a condensing 
agent. 

Usable as a reaction solvent are chloroform, acetonitrile, dimethylformamide or the like or a mixture 
thereof. Usable as a condensing agent are 1-ethyl-3-(dimethylaminopropyl)carbodiimide, dicyclohexyicar- 
45 bodiimide or the like. 

The reaction may be effected at a temperature of from 0 to 60* C. 

The thus-obtained lipid derivative in which its carboxyl group has been activated is then allowed to react 
with the glycosaminoglycan derivative (15), (16) or (17) having a primary amino group to obtain the lipid- 
bound glycosaminoglycans (V), (VI) and (VII). The solvent used in this reaction is chloroform, acetonitrile, 
50 dimethylformamide or a mixture thereof. The reaction temperature ranges from 0 to 60° C. 

Application of condensing agent 

Each member of glycosaminoglycans, excluding keratan sulfate and keratan polysulfate, contains D- 
55 glucuronic acid or L-iduronic acid as the uronic acid moiety, and each of these acids has a carboxyl group 
linked to its 5-position carbon atom. 

In this process, a lipid-bound glycosaminoglycan is produced by allowing the uronic acid carboxyl 
group to react with a primary amino group of a lipid in the presence of a condensing agent. 
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The reaction scheme of this process is illustrated below. 




(18 > (VIII) 

20 

wherein each of R\ R 3 , A, n and P 1 is as defined above. 

Compounds represented by the formula (18) to be used as the starting material are selected from • 
hyaluronic acid, chondroitin, chondroitin sulfate A, chondroitin sulfate C, chondroitin sulfate D, chondroitin * 
sulfate E, chondroitin sulfate K, chondroitin polysulfate, dermatan sulfate, heparin and heparan sulfate. 
25 Any of the compounds described in the foregoing illustration of the limited reducing terminal oxidation 
process may be used as a lipid. 

Examples of the condensing agent include diethylcarbodiimide, diisopropylcarbodiimide, methylpropyl- 
carbodiimide, dicyclohexylcarbodiimide, hexamethylenecarbodiimide, heptamethylenecarbodiimide, 1-ethyl- 
3-(3-dimethylaminopropyl)carbodiimide, 1 -cyclohexyl-3-(2-morpholinoethyl)carbodiimide-meso-p-toluene- *v. 
30 sulfonate, 1 -t-butyl-3-(3-dimethylaminopropyl)carbodiimide, diphenylcarbodiimide, 4,4'-dinitrodiphenylcar- 
bodiimide, di-p-tolylcarbodiimide, bis-(trimethylsily))carbodiimide or the like. 

The condensing agent may be used in an amount of from 10 to 100 moles per mole of a lipid to be 
used. 

The reaction may be effected at a temperature of from 4 to 60 'C, preferably from 15 to 25* C, in a 
35 solvent such as dimethylformamide, chloroform or a mixture thereof. 

Activation of glycosaminoglycan 



In this process, similar to the case of the aforementioned condensing agent-applied process, the lipid- 
40 bound glycosaminoglycan (VIII) is produced by activating the uronic acid carboxyl group and then binding 
the activated carboxyl group to a primary amino group in a lipid. 

The same glycosaminoglycan compounds and lipid compounds as described in the foregoing condens- 
ing agent-applied process may be used in this process. 

Activation of a carboxyl group in the uronic acid moiety of a glycosaminoglycan compound may be 
45 effected by well known means in the field of peptide chemistry, for example by converting the carboxyl 
group into an activated ester through reaction of the glycosaminoglycan compound with N-hydroxysuc- 
cinimide, p-nitrophenol, N-hydroxybenzotriazole, N-hydroxypiperidine, 2,4,5-trichlorophenol or the like in the 
presence of a condensing agent. 

The carboxyl group of the uronic acid moiety may be subjected to the reaction as a form of amine salt 
so such as of tri(n-butyl)amine salt, triethylamine salt, organic base salt such as of pyridine salt or alkali metal 
salt such as of sodium salt or potassium salt. 

As a reaction solvent, dimethylformamide, pyridine, dimethylsulfoxide or the like may be used. 
Usable as a condensing agent are 1-ethyl-3-(dimethylaminopropyl)- 

carbodiimide. dicyclohexylcarbodiimide or the like. 
55 The reaction may be effected at a temperature of from 0 to 60* C, preferably from 4 to 20° C. 

By allowing the thus carboxyl group-activated glycosaminoglycan to react with a lipid, the lipid-bound 
glycosaminoglycan of the formula (VIII) is obtained. 
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This reaction may be effected by allowing the activated glycosaminoglycan to react with a lipid at a 
temperature of from 0 to 90 °C, preferably from 25 to 60' C in a solvent such as dimethylformamide, 
chloroform or a mixture thereof. 

The contents of lipid portions in the tipid-bound glycosaminoglycans of the present invention repre- 
sented by the formulae (I) to (VIII) may ranges from 0.005 to 50%, preferably from 2 to 10%. 

Separation and purification of the lipid-bound glycosaminoglycans obtained by the aforementioned 
various processes may be carried out for instance in the following manner. Final reaction solution in each 
procedure is mixed with ethanol which has been saturated with sodium acetate and the resulting precipitate 
is filtered out to remove unreacted lipid. The thus-separated precipitate is subjected to hydrophobic 
chromatography and the carrier is washed with an aqueous solution of a salt such as ammonium acetate, 
ammonium chloride, sodium chloride or the like to remove unreacted glycosaminoglycan. Thereafter, the 
absorbed lipid-bound glycosaminoglycan is eluted with 10 to 50% methanol solution. 

The production examples of the above-described lipid-bound glycosaminoglycan are described in 
WO92/01720 or EP-A-493 622. 

Any type of aforementioned lipid-bound glycosaminoglycan may be used as the hepatocyte spheroid- 
forming agent of the present invention. A lipid-bound glycosaminoglycan represented by formula (IV) is 
preferably used. Most preferred is a compound in which phosphatidylethanolamine covalently binds to 
chondroitin sulfate C whose reducing terminal has been cleaved. 

Spheroids of hepatocytes may be obtained by culturing hepatocytes in the usual way using the 
hepatocyte spheroid-forming agent (a lipid-bound GAG) as a culture substrate which, for example, is coated 
on the surface of a culture dish where hepatocytes are placed. 

p re f erreC j as a culture vessel is the aforementioned positively charged polystyrene plastic dish (cf. JP- 
A-1 -296982) such as Primaria 3801 or 3802 (trade name, Becton Dickinson & Co.). A solution containing a 
lipid-bound glycosaminoglycan is coated as a culture substrate on the surface of the culture dish. Coating of 
the lipid-bound glycosaminoglycan is carried out, for example, by adding a balanced salt solution such as 
Hank's solution containing the lipid-bound glycosaminoglycan in a concentration ranging from 10 ug/ml to 
10 mg/ml to the culture dish and allowing it to stand at 0'C to room temperature for 1 to 10 hours. Then, 
isolated hepatocytes (1 x 10 4 to 1 x 10 G cells/ml) are inoculated on the substrate-coated dish and cultured 
in a serum-free hormone-defined medium (Williams #E medium or the like) containing, for example, 10 ug 
of insulin, 0.1 uM CuSO*'5H 2 0, 3 nM H 2 Se0 3 , 50 pM ZnSCU*7H 2 0, 50 ng/ml EGF (epidermal growth 
factor), 50 ug/ml linoleic acid, 100 U/ml penicillin G, 100 U/ml streptomycin and 1 ug/ml fungizone, at about 
37 4 C under a 100% humid atmosphere of 5% CO2 and 95% air. The cultivation is continued for a period of 
from 6 hours to several days, occasionally changing the medium with fresh ones. The hepatocytes form 
monolayers at the initial stage of the cultivation, and, as the cultivation progresses, the monolayers 
gradually aggregate to form hemispheroids of multilayer islands and the multilayer islands further aggregate 
to form spherical cell clusters which subsequently separate from the surface of the dish to form floating 
spheroids in the liquid medium. Each of the thus formed spheroids may have a diameter of from 50 to 150 
urn, preferably from 70 to 120 urn, and may be composed of a total of 50 to 300 cells, preferably 70 to 250 
cells. 

The floating spheroids can be recovered from the culture by centrifuging the culture at 50 x G for 1 
minute, removing the supernatant with suction and collecting the residue. 

It is considered that spheroid formation occurs because adhension of hepatocytes to the culture 
substrate is inhibited in the presence of a lipid-bound glycosaminoglycan, and the spheroid-forming activity 
has a mutual relation to the adhesion inhibition activity of the lipid-bound glycosaminoglycan which inhibits 
adhesion of baby hamster kidney cells (BHK cells) and the like to a fibronectin substrate. 

The spheroid formation can be effected at a low concentration of a lipid-bound glycosaminoglycan 
which has a high adhesion inhibition activity. Preferably, such a lipid-bound glycosaminoglycan may have a 
cell adhesion inhibition activity of 400 ug/ml or below as a 50% inhibition concentration (IC 5 o) when 
measured in accordance with a procedure described in the following Examples. 

The spheroid cannot be formed using glycosaminoglycan alone. It is a completely unexpected finding 
that the spheroid formation can be effected using a lipid-bound glycosaminoglycan as a culture substrate 
within a markedly shorter period of time in comparison with the case of using a positively charged 
polystyrene plastic dish alone or of the known proteoglycans. Such a finding enabled practical culture of 
hepatocytes. 

It was confirmed that the spheroids of hepatocytes thus obtained could secrete albumin at a high level 
and to maintain liver-specific differentiation functions. In addition, growth of cells in these spheroids was 
found to be suppressed because 3H-thymidine incorporation was hardly observed, which indicated that the 
spheroid formation was different from a cancer-like proliferation. 
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Thus, according to the present invention, floatable spheroids of hepatocytes which maintain liver- 
specific functions and spheroid bodies for as prolonged period of time can be efficiently obtained- Since, 
unlike proteoglycans, a lipid-bound gfycosaminoglycan of the present invention which is considered to 
function as an artificial extracellular matrix can be easily synthesized, it is useful for the development of an 
5 artificial liver function-aiding device. 

The following examples are provided to furhter illustrate the present invention. It is to be understood, 
however, that the examples are for purpose of illustration only and are not to be construed to limit the scope 
of the invention. 

10 REFERENCE EXAMPLE 

Preparation of phospholipid-bound glycosaminoglycan by lactonization of reducing terminal 

(1) Preparation of reducing terminal-oxidized glycosaminoglycan 

15 

1) Preparation of reducing terminal-oxidized hyaluronic acid 

500 mg of hyaluronic acid (HAI; MW, 10,000; cockscomb origin) was dissolved in 10 ml of water, and 
the solution was-mixed with .5 ml .methanol solution. oLO.i M iodine and incubated at room temperature for 6 

20 hours to effect the reaction. To the resulting reaction mixture was added about 5 ml of 0.1 N potassium 
hydroxide to decolor free iodine. Potassium acetate-saturated ethanol was added to the resulting solution to 
form a precipitate and the precipitated product was collected by filtration, washed thoroughly with ethanol 
and then dried under a reduced pressure. Thus, 423 mg of potassium salt of reducing terminal-oxidized 
hyaluronic acid (lot No. 400) was obtained. Reducing sugar was not detected in the product when checked 

25 by Somogyi-Nelson method. 

2) Preparation of reducing terminal-lactonized hyaluronic acid * 

400 mg of the lot No. 400 reducing terminal-oxidized hyaluronic acid was dissolved in 10 ml of water, 
30 and the solution was passed through 50 ml of a column of a strongly acidic ion exchange resin (Dowex 50- 
(H )) spending 1 hour. Thus, a solution containing 390 mg of reducing terminal-lactonized hyaluronic acid 
was obtained. Reducing sugar was not detected in the solution when checked by Somogyi-Nelson method. 

The thus-obtained solution was neutralized with tri-n-butylamine and subsequently lyophilized to obtain 
400 mg of tri-n-butylamine salt of reducing terminal-lactonized hyaluronic acid (lot No. 500). 

35 

3) Preparation of other reducing terminal-lactonized glycosaminoglycans 

Reducing terminal-oxidized glycosaminoglycans were prepared according to the above procedure 1) 
under conditions shown in Table 1, using each of the following starting materials: chondroitin (CH; MW, 
40 15,000), chondroitin sulfate C (CS (S1); MW, 10,000: CS (S3); MW, 30,000: and CS (S6); MW, 60,000), 
dermatan sulfate (DS; MW, 15,000), heparin (Hep; MW, 15,000) and heparan sulfate (HS; MW, 15,000). The 
thus obtained samples were subjected to the above procedure 2) under conditions shown in Table 2 to 
produce reducing terminal-lactonized glycosaminoglycans. 

45 
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Table 1 



Reaction condition 


Lot No. 


Product 


GAG/0.1 M l 2 /0.1 N KOH (mg/ml/ml) 


Yield (mg) 


Somogyi-Nelson 


401 


CH-COOK 


1000/13.4/13.4 


828 




402 


CS(Sl)-COOK 


1000/19.8/19.8 


901 




402-2 


CS(S3)-COOK 


1000/3.3/3.3 


895 




402-3 


CS(S6)-COOK 


1000/4.95/4.95 


913 




404 


DS-COOK 


100/0.67/0.67 


91 




405 


Hep-COOK 


1000/6.7/6.7 


902 




406 


HS-COOK 


100/1 .34/1.34 


88 





* Somogyi-Nelson: presence ( + ) or absence (-) of reducing sugar determined by 
Somogyi-NeJson method. 



Table 2 



Reaction condition 


Lot No. 


Product 


GAG-COOK/Dowex 50 (hf )(mg/ml) 


Yield (mg) 


Somogyi-Nelson 


501 


CH-lactone 


800/400 


780 




502 


CS(Sl)-lactone 


900/450 


805 




502-2 


CS(S3)-lactone 


800/400 


850 




502-3 


CS(S6)-lactone 


900/450 


887 




504 


DS-lactone 


90/100 


96 




505 


Hep-lactone 


900/400 . 


946 




506 


HS-!actone 


80/40 


72 





* Somogyi-Nelson: presence ( + ) or absence (-) of reducing sugar determined by 
Somogyi-Nelson method. 
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(2) Preparation of L-(a-phosphatidyl)ethanotamine dipalmitoyl (PPEADP)-bound glycosaminoglycan 
1) Preparation of L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound hyaluronic acid 
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400 mg of lot No. 500 reducing terminal-lactonized hyaluronic acid was dissolved in 200 ml of 
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dimethylformamide and 27.6 mg of PPEADP dissolved in chloroform was added thereto. The resulting 
mixture was allowed to react at 70 °C for 2 hours. After removing chloroform from the reaction mixture by 
distillation, excess volume of sodium acetate aqueous solution was added to the residue to make the 
reaction product into sodium salt. Sodium acetate-saturated ethanol was added thereto to form a precipitate 

5 and the thus-formed precipitate was collected by filtration. The precipitate was dissolved in 0.3 M 
ammonium acetate solution and applied to a hydrophobic chromatographic column (400 ml of TSK gel 
Phenyl Toyopearl 650M, Tosoh Corporation) for adsorption. The column was washed thoroughly with 0.3 M 
ammonium chloride solution and then elution was carried out with 30% methanol aqueous solution. The 
reation product of interest was found in the 30% methanol-eluted fraction, while unreacted hyaluronic acid 

10 was found in the unadsorbed fraction and washings. The 30% methanol-eluted fraction was concentrated 
under a reduced pressure, desalted by dialysis and then lyophilized to obtain 36 mg of the desired product 
(lot No. 600). 

Phosphorus content: 0.30% 
75 PPEADP content: 6.44% 

Hyaluronic acid content: 82.37% 

(2) Preparation of other L-(a-phosphatidyl)ethanolamine dipalmitoyl-bound glycosaminoglycans 

20 PPEADP-bound glycosaminoglycans shown in Table 3 were prepared from the reducing terminal- 

lactonized glycosaminoglycans shown in Table 2 and PPEADP in accordance with the above procedure (1)- 
2) under conditions shown in Table 3. Results of the analysis of the thus-obtained products are shown in 
Table 4. 

25 Table 3 



Lot No. 


Product 


Reaction condition GAG-lactone/PPEADP (mg/mg) 


601 


CH-PPEADP 


700/32.3 


602 


CS(S1)-PPEADP 


800/55.4 


602-2 


CS(S3)-PPEADP 


400/9.26 


602-3 


CS(S6)-PPEADP 


800/9.00 


604 


DS-PPEADP 


90/4.15 


605 


Hep-PPEADP 


800/36.91 


606 


HS-PPEADP 


70/3.31 



Table 4 



45 



Lot No. 


Yield (mg) 


PPEADP (%) 


GAG (%) 


601 


70.2 


4.30 


90.90 


602 


88.0 


6.41 


85.17 


602-2 


20 


2.01 


89.70 


602-3 


56.2 


1.08 


92.00 


604 


4.5 


4.00 


90.66 


605 


24 


4.11 


90.01 


606 


5.74 


4.22 


88.21 



EXAMPLE 1 

(1) Coating of phospholipid-bound glycosaminoglycans to culture dishes 

Each of five different types of phospholipid-bound glycosaminoglycans shown in Table 5 was dissolved 
in Hanks' solution (Proc. Soc. Exp. Biol. Med., 71, 196 (1949)) to various final concentrations ranging from 1 
to 100 ug/ml, and a 2 ml portion of each of the resulting solutions was poured into a polystyrene plastic 
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dish (Primaria 3802, 60 mm in diameter, available from Becton Dickinson & Co.) and the dish was allowed 
to stand about 10 hours at 4'C to coat the phospholipid-bound glycosaminoglycan. 

(2) Isolation and cultivation of adult rat hepatocytes 

5 

Primary culture of adult rat hepatocytes was conducted in accordance with the method of Seglen et al 
(In Methods in Cell Biology, D.M. Prescott, Ed., Vol. XIII, pp. 29-83 (1976) Academic Press, New York) to 
obtain cultured hepatocytes. Each of Sprague-Dawley rats (seven weeks old, weighing 150 to 200 g) was 
anesthetized by intraperitoneal injection of 10 mg (200 al portion of 50 mg/ml solution) of Nembutal (trade 

/o name, Abbot Labs; pentobarbiturate). Each of the thus-anesthetized rat was subjected to laparotomy to 
insert a catheter-linked tube into the portal vein and to pass a pre-perfusion solution into the vein at a flow 
rate of 30 ml/min. After ligation of the inferior vena cava, the pre-perfusion was carried out for 2 to 3 
minutes through the tube from the superior vena cava. After the pre-perfusion was completed, the pre- 
perfusion solution was replaced with a 0.05% collagenase perfusion solution kept at 37 ' C, and the 

is collagenase perfusion was carried out for 7 to 10 minutes. Thereafter, the liver was excised, put in a vessel 
containing a cold cell washing solution (Hanks' solution) and, while cooling on an ice bath, loosened into fine 
slices using a knife to recover cells. 

The thus obtained cell suspension was centrifuged for 1 minute at 50 x G and the resulting supernatant 
was removed by careful suction. The cells remained in the form of pellet in the centrifugation tube were 

20 suspended in the Williams #E medium and centrifuged for 1 minute at 50 x G. By repeating the latter 
centrifugation step twice, hepatocytes were separated from non-parenchymal cells (endothelial cells, Kupffer 
cells and fat storing cells (Ito cells)). 

After counting the number of cells and measuring viability (by dye-exclusion test using 0.6% trypan 
blue), the thus-isolated hepatocytes were diluted to a density of 3 x 10 5 cells/ml with Enat's HDM medium 

25 modified by Koide et al (Shinji, T., Koide, N. and Tsuji, T., Cell Struct. Funct. 13, 179-188 (1988)) (Williams 
#E medium containing 10 ug of insulin, 0.1 uM CuS04*5H 2 0, 3 nM H 2 SeO^, 50 pM ZnS0 4 *7H 2 0, 50 
ng/ml EGF (epidermal growth factor, Takara Shuzo Co., Ltd.), 50 ug/ml linoleic acid, 100 U/ml penicillin G, 
100 U/ml streptomycin and 1 ug/ml fungizone). The PPEADP-bound glycosaminoglycan-coated polystyrene 
plastic dish (Falcon 3802, 60 mm in diameter) as prepared in (1) was washed twice with the Hanks' solution 

30 and inoculated with a 4 ml of portion of the thus-prepared cell suspension. The cells were cultured at 37 'C 
under a 100% humid atmosphere of 5% C0 2 and 95% air. Half the volume of the medium was replaced 
with fresh one after 6 hours, 1 day and 3 days of the cultivation. Microscopic observations and photography 
were carried out in the first day and second day. 

35 (3) Results 

Significant enhancement of the formation of spheroids was observed in a dish coated with 10 ug/ml 
concentration of CS(S3)-PPEADP (Lot No. 602-2; to be referred to as "CS-PPEDAP" hereinafter). With the 
concentration of 10 ug/ml, multilayer island-like hemispheroids were observed after 1 day of the cultivation, 

40 and most of them became floating spheroids 2 days after the cultivation. The spheroid formation was not 
observed when a dish coated with CS(S3) alone or PPEADP alone was used, and the effect of CS-PPEADP 
did not increase when its concentration was increased to 100 ug/ml. In a control dish (not coated), 
additional 2 to 3 days were required to form spheroids, and only a few completely floating spheroids were 
observed. Results of the spheroid formation in dishes coated with various PPEADP-bound 

45 glycosaminoglycans are shown in Table 5. 
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Table 5 



Lot No. (10 ug/ml) 


Degree of spheroid formation 


602-2 


+ + + 


604 


+ 


606 


+ 


600 


+ 


601 


+ 


Control (untreated dish) 


+ 


Note: + + + : very good, + + 


: good, + : control level, -: inhibited 



Culture dishes which had been coated with fibronectin in advance were further coated with each of the 
15 compounds of Table 5 t in order to examine as to whether these compounds inhibit adhesion of baby 
hamster kidney cells (BHK 21 cells) to fibronectin substrate. 

Fig. 2 shows concentration curves which indicate adhesion inhibition effects of various PPEADP-bound 
glycosaminoglycans. As shown in the figure, CS-PPEADP showed the highest inhibition activity, followed by 
DS-PPEADP, HS-PPEADP, HA-PPEADP and CH-PPEADP in that order. The IC 50 values calculated from 
20 these curves are shown in Table 6. 



Table 6 



Lot No. 


IC50 for adhesion inhibition (ug/ml) 


602-2 


0.77 


604 


1.49 


606 


4.9 


600 


17.2 


601 


80.8 



The above results suggest that the hepatocyte spheroid-forming activity of the agents of the present 
invention is correlated to their adhesion inhibition activity against fibronectin substrate. 

EXAMPLE 2 



Spheroids formed using CS-PPEADP, a positively charged plastic dish or collagen as culture substrates 
were examined for the liver-specific function and proliferation. 

(1) Primary culture of adult rat hepatocytes 

Hepatocytes were isolated in the same manner as described in Example 1 and adjusted to a density of 
3 x 10 s cells/ml. 

(2) Coating of culture substrate 

A 1 ml portion of Hanks' solutions containing 10 ug/ml of CS-PPEADP was poured into a polystyrene 
plastic dish (Primaria 3801, 35 mm in diameter, Becton Dickinson & Co.), and a 1 ml portion of 0.02 N 
acetic acid solution containing 0.03% collagen (Cell Matrix IC, Koken Co., Ltd.) into a polystyrene plastic 
dish (Falcon 3001 , 35 mm in diameter, Becton Dickinson & Co.). Each of the resulting dishes was allowed to 
stand for about 10 hours at 4*C to coat the culture substrate. The thus-coated dishes were washed twice 
with the Williams medium. 



(3) Measurement of proliferation potency ~ measurement of DNA replication activity using 3 H-thymidine 

The isolated hepatocytes as mentioned in (1) above were inoculated in the dishes prepared in (2) above 
in an inoculum size of 1 .5 ml suspension per dish and were cultured in the same manner as in Example 1 . 
The medium was replaced with fresh one 24 hours before the labeling experiment. After 24 hours, 1 uCi 
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(3.7 x 10* Bq) of 3 H-thymidine was added to the medium and the cells were further cultured at 37* C for 24 
hours. After cultivation in the presence of 3 H-thymidine, the medium was removed and the cells were 
washed with ice-cold phosphate-buffered saline (PBS). Thereafter, 1 ml of cooled 10% Trichloroacetic acid 
(TCA) was added to the washed cells to fix them. After 1 hour of storage in a refrigerator, TCA was 

5 removed by suction, and the resulting cells were mixed with 1 ml of 1N NaOH solution, and incubated at 
37 °C for 1 hour to lyse the hepatocytes completely. A 100 ul portion of the thus-obtained cell lysate was 
spared for use in the DNA measurement, and the rest was transferred into a small test tube. A 0.3 ml 
portion of 100% TCA was added to the lysate-containing test tube, and the mixture was ice-cooled for 10 
minutes and then subjected to centrifugation at 10,000 rpm for 20 minutes. After removing the supernatant, 

io the resulting precipitate was mixed with 0.5 ml of 10% TCA, and the mixture was heated for 15 minutes in a 
boiling bath, cooled down and then centrifuged at 10,000 rpm for 20 minutes. A 0.3 ml portion of the 
resulting supernatant was put in a scintillation vial and mixed with 3 ml of a scintillator to measure 
radioactivity of tritium ( 3 H) using a liquid scintillation counter. 

/5 (4) Measurement of albumin secretion as an index of liver-specific functions 

The amount of secreted albumin was measured by enzyme immunoassay (EIA) utilizing a sandwich 
technique making use of polystyrene beads. 

Anti-rat albumin antibody IgG fraction (available from Cappel) was diluted with a 0.1 M Tris-HCI 

20 buffer/0. 15 M NaCI solution to a final concentration of 10 ug/ml. To 1 ml portion of the thus-prepared 
antibody solution was added four polystyrene beads (1/4'>, Pierce), followed by 2 hours of degassing with 
gentle stirring at room temperature. After overnight standing at 4*C, the resulting beads were washed three 
times with PBS and added to a solution consisting of 50 mM phosphate buffer (pH 7.4), 0.15 M NaCI, 0.1% 
gelatin and 0.02% sodium azide. The thus-prepared anti-rat albumin antibody-bound beads were stored at 

25 4* C (preservable for 2 to 3 months). 

A 100 ul portion of three samples (a 5 ul portion of the 1.5 ml culture supernatant of hepatocyte culture 
incubated under certain conditions for 24 hours was diluted with the above-mentioned phosphate buffer) or 
a standard rat albumin solution was mixed with 500 ul of the above-mentioned phosphate buffer. After 
adding one anti-rat albumin antibody-bound bead, the thus-prepared mixture was incubated at room 

30 temperature for 4 hours with stirring. The bead was washed three times with a PBS/0.05% Tween 20 
solution (5 minutes each) and added to 500 ul of a solution of a peroxidase-labeled anti-rat "albumin 
antibody IgG (available from Cappel) which had been diluted with 0.1% gelatin-containing PBS/0.05% 
Tween 20 solution by a factor of 1 x 10 4 . After overnight incubation at 4°C with gentle stirring, the thus- 
treated bead was washed three times with the PBS/0.05% Tween 20 solution (5 minutes each), washed 

35 once with PBS for 5 minutes and then added to 1 ml of a chromogenic reagent solution which had been 
prepared by dissolving 50 mg of o-phenylenediamine and 10 ul of 30% H2O2 in 100 ml of 0.1 M Tris-HCI 
buffer (pH 7.4). After 30-minute incubation at room temperature with gentle stirring, the reaction was 
terminated by adding 1 ml of 1.3 N sulfuric acid. The developed color was measured based on the 
absorbance at 492 nm. 

40 

(5) Quantitative determination of DNA 

A 80 ul portion of each sample dissolved in 1 N NaOH solution was neutralized with acetic acid and 
subjected to ethanol precipitation. The resulting precipitate was dissolved in 100 ul of 1N NH 4 OH solution 

45 and then dried under a reduced pressure. To the thus-dried sample was added 100 ul of diaminobenzoic 
acid (DABA) reagent solution (0.4 g of DABA*2HCI dissolved in 1 ml of distilled water; 10 to 20 mg of Norit 
A (trade name, charcoal, activated acid washed with HCI, powder, Nacalai Tesque) was used as a 
decoloring agent when the solution showed a dark brown color), followed by thorough stirring. The thus- 
prepared sample was sealed with parafilm and incubated for 30 minutes in a 60 °C water bath. After 

so cooling, the thus-treated sample was mixed thoroughly with 2 ml of 0.6 N HCIO4, and the mixture was 
centrifuged at 10,000 rpm for 5 minutes. Then, absorbances of the resulting supernatant were measured at 
an excitation wave length of 415 nm and at an emission wave length of 515 nm using a fluorophotometer. 

(6) Results 

55 

In the CS-PPEDAP-coated dish, the cells started to assemble after 1 day of the cultivation and most of 
them formed floating spheroids in the second day. The assembled cells after 1 day of the cultivation 
seemed to simply adhere one another in view of rough surface of the assembled layer. From the second 
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day, organization of spheroids progressed and their surfaces became smooth. In the positively charged 
plastic dish which had not been coated, the spheroid formation started a half day to one day later than the 
case of the CS-PPEADP-coated dish. Multilayer island-like hemispheroids started to float gradually, but 
requiring nearly one more day of delay to complete their floating. In the dish coated with collagen, the cells 
started to adhere and spread about 6 hours after the cultivation and formed fine monolayers after 1 day of 
the cultivation. As the cultivation progressed, the cells continued to proliferate and the cell density 
increased, but the cell layers started to shrink in the fourth day and were peeled off clearly from the 
periphery in the dish in the fifth day to form a small floating membrane. 

Incorporation of 3 H-thymidine measured during the culturing period is shown in Table 7. 

Table 7 



Day 


CS-PPEADP (dpm) 


Uncoated (dpm) 


Collagen (dpm) 


1 


9037 ± 943 


11543 ± 1444 


13178 ± 1054 


2 


161106 ± 8966 


224253 ± 391 58 


424915 ± 25774 


3 


190661 ± 1 1062 


233336 ± 18039 


564520 ± 37481 


4 


91490 ± 10449 


80030 ± 6075 


319286 ± 184 


5 


41456 ± 2268 


46194 ± 5832 


28958 i 519 



It can be seen from the above table that proliferation of the cells is suppressed most strongly in the 
case of using the CS-PPEDAP-coated dish, followed by the uncoated dish and the collagen-coated dish in 
that order. In the case of the collagen-coated dish, incorporation of 3 H-thymidine decreased sharply on the 
fifth day, which seems to be resulted from increase in cell density due to shrinkage of monolayers and 
subsequent formation of a three-dimensional structure. 

With respect to the measurement of secreted albumin as an index of liver-specific functions, 20 to 1 ,000 
ng/ml of rat albumin could be quantitatively determined under the set conditions. Results of the measure- 
ment of the amount of albumin secreted in 24 hours per DNA under each culture condition are shown in 
Fig. 3. When CS-PPEADP was used as the culture substrare. formation of spheroids was observed in the 
early stage of the cultivation, and a tendency to maintain the liver function was significantly superior to that 
observed in the case of using the uncoated positively charged plastic dish. Taking account of the results of 
the 3 H-thymidine incorporation shown in Table 7 and the observation of cell morphology, the early stage 
formation of spheroids seemed to be the main cause of such a liver function maintaining tendency. When 
collagen was used as the culture substrate, the liver-specific function decreased at the early stage of the 
cultivation. 

Thus, it is suggested that hepatocyte spheroids formed by using the spheroid-forming agent of the 
present invention can maintain good liver-specific functions of hepatocytes. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. An agent for forming spheroids of hepatocytes, comprising a glycosaminoglycan to which a lipid is 
bound via a covalent bond. 

2. The agent according to claim 1 wherein a reducing terminal of said glycosaminoglycan is cleaved. 

3. The agent according to claim 2 wherein a glycosaminoglycan is covalently bound to a lipid through a 
carboxyl group including lactone, a formyl group or a primary amino group, which is formed at a 
cleaved reducing terminal of a glycosaminoglycan, or said group of spacer compound introduced in a 
glycosaminoglycan. 

4. The agent according to claim 2 wherein a lipid is covalently bound to a glycosaminoglycan whose 
reducing terminal is cleaved through a primary amino group, a carboxyl group or a formyl group of said 
lipid or said group of a spacer compound introduced in a lipid. 
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5. The agent according to claim 1 wherein said covalent bond between a lipid and a glycosaminoglycan is 
selected from: 

(1) a CONH bond between a carboxyl group including lactone at a cleaved reducing terminal of a 
glycosaminoglycan and a primary amino group of a lipid; 
5 (2) a CONH bond between a carboxyl group of a uronic acid moiety of a glycosaminoglycan and a 

primary amino group of a lipid; or 

(3) a CH2NH bond between a formyl group at a cleaved reducing terminal of a glycosaminoglycan 
and a primary amino group of a lipid. 

70 6. The agent according to claim 1 wherein said glycosaminoglycan to which a lipid is bound via a covalent 
bond is represented by the following formula: 



75 



20 




(IV) 



25 

wherein P 1 is a lipid having a primary amino group and GAG is a glycosaminoglycan residue excluding 
a cleaved reducing terminal and; 

(1) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an OH group, R 2 is a 
COOH group and R 3 is an OH group when GAG is a glycosaminoglycan residue of hyaluronic acid, 

30 chondroitin, chondroitin sulfate A, C or E, dermatan sulfate, heparin or heparan sulfate excluding a 

reducing terminal glucuronic acid moiety or when GAG is a glycosaminoglycan residue of dermatan 
sulfate excluding a reducing terminal iduronic acid moiety, 

(2) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an OSO3H group, R 2 is a 
COOH group and R 3 is an OH group when GAG is a glycosaminoglycan residue of chondroitin 

35 sulfate D excluding a reducing terminal glucuronic acid moiety or when GAG is a glycosaminoglycan 

residue of heparin or heparan sulfate excluding a reducing terminal iduronic acid moiety, 

(3) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an OH group, R 2 is a 
COOH group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of chondroitin 
sulfate K excluding a reducing terminal glucuronic acid moiety, 

40 (4) GAG is located at the 4-position, R 3 is located at the 3-position, at least one of R 1 and R 3 is an 

OSO3H group, while the other is an OH group, and R 2 is a COOH group when GAG is a 
glycosaminoglycan residue of chondroitin polysulfate excluding a reducing terminal glucuronic acid 
moiety, 

(5) GAG is located at the 3-position, R 3 is located at the 4-position, each of R 1 and R 3 is an OH 
45 group and R 2 is a CH2OH group when GAG is a glycosaminoglycan residue of keratan sulfate 

excluding a reducing terminal galactose moiety, 

(6) GAG is located at the 3-position, R 3 is located at the 4-position, each of R 1 and R 3 is an OH 
group and R 2 is a CH2OSO3H group when GAG is a glycosaminoglycan residue of keratan 
polysulfate excluding a reducing terminal galactose moiety, 

50 (7) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is 

a CH2OH group and R 3 is an OH group when GAG is a glycosaminoglycan residue of hyaluronic 
acid or chondroitin excluding a reducing terminal hexosamine moiety, 

(8) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R 2 is 
a CH2OH group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of 

55 chondroitin sulfate A or K or dermatan sulfate excluding a reducing terminal hexosamine moiety, 

(9) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group. R 2 is 
a CH2OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of 
chondroitin sulfate C or D excluding a reducing terminal hexosamine moiety, 
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(10) GAG is located at the 3-position, R 3 is located at the 4-position, FV is an NHCOCH 3 group, R is 
a CH2OSO3H group and R 3 is an OSO3H group when GAG is a glycosaminoglycan residue of 
chondroitin sulfate E excluding a reducing terminal hexosamine moiety, 

(11) GAG is located at the 3-position, R 3 is located at the 4-position, R 1 is an NHCOCH3 group, R is 
a CH 2 OH group and R 3 is an OSO3H group, or R 2 is a CH2OSO3H group and R 3 is an OH group or 
an OSO3H group, when GAG is a glycosaminoglycan residue of chondroitin polysulfate excluding a 
reducing terminal hexosamine moiety, 

(12) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHSO3H group, R is a 
CH 2 OS0 3 H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of heparin 
excluding a reducing terminal hexosamine moiety, 

(13) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHCOCH3 group or an 
NHSO3H group, R 2 is a CH 2 OH group when R 3 is an OSO3H group, or R 2 is a CH2OSO3H group 
when R 3 is an OH group or an OSO3H group, when GAG is a glycosaminoglycan residue of heparan 
sulfate excluding a reducing terminal hexosamine moiety, 

(14) GAG is located at the 4-position, R 3 is located at the 3-position, R 1 is an NHCOCH3 group, R is 
a CH2OSO3H group and R 3 is an OH group when GAG is a glycosaminoglycan residue of keratan 
sulfate or keratan polysulfate excluding a reducing terminal hexosamine moiety. 

The agent according to claim 1 wherein . said lipid is phosphatidylethanolamine and said 
glycosaminoglycan is chondroitin sulfate C whose reducing terminal is cleaved. 

The agent according to claim 1 wherein said glycosaminoglycan to which a lipid is bound is obtainable 
by oxidizing a reducing terminal of a glycosaminoglycan to cleave the reducing terminal, lactoniz.ng the 
cleaved product and reacting the resulting lactone compound with a primary amino group of a lipid. 

A process for forming spheroids of hepatocytes which comprises culturing hepatocytes with a lipid- 
bound glycosaminoglycan as a culture substrate. 

0. The process according to claim 9 wherein the lipid-bound glycosaminoglycan of claim 6 is used as a 
culture substrate. 

1. The process according to claim 9 wherein the phosphatidylethanolamine-bound chondroitin sulfate C of 
claim 7 is used as a culture substrate. 

2. Spheroids of hepatocytes obtainable by culturing hepatocytes with a lipid-bound glycosaminoglycan as 
a culture substrate. 

3. Use of glycosaminoglycan to which a lipid is covalently bound for manufacture of an agent for forming 
hepatocyte spheroids. 
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